Davos.?Davos (5105 feet) now claims our attention. We have here to deal with a totally different set of conditions. The climate is in many respects the opposite of that with which Ave have just been engaged, and yet Davos has a right to be considered as a very
important sanitary station for consumptive invalids. The excellent paper of Dr Hermann Weber (Medico-Chirurgical Transactions, 1869) on that winter station has much helped to bring it into repute for English patients ; Dr C. T. Williams has published in the Lancet (Aug. 9th and 18th, 1879) important communications on that same subject, and read quite lately a valuable paper on the climate of Davos to the Meteorological Society. A low temperature of the air, a state of comparative atmospheric dryness, a low atmospheric pressure, and bright sunny weather, together with a comparative absence of wind,?such are the leading meteorological characters of that place in winter. It is not my intention to enter into a report of the readings for temperature and moisture at Davos, but I merely propose to give the reader an idea of the highest degree of cold experienced there in winter by quoting the minima observations made this last month of December at that station at the Hotel Belvedere, with instruments verified at the Kew Observatory, and placed according to the regulations of the English Meterological Society.
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3-0 8-7 9-0 14-0 14-3 13-85 12-25 14-0 12-0 11-33 12-0 10-5 13-25 23-5 12-0 It must be recollected that December 1879 was particularly cold in Switzerland as well as in England, so that these figures, especially those for the first half of the month, are not unlikely to be below the average 5 still they show that the winter temperature may foil low indeed at Davos. The heat of the sun, however, in such dry air and at that altitude, together with the increased phenomena of oxidation carried on in the body, allow patients to take exercise in the open air and benefit by it. It is known, from inquiry made by Dr Lombard1 of Greneva and other careful observers, that beyond a certain altitude, say about five or six thousand feet, and under a low temperature, cases of consumption among the inhabitants of those districts are extremely ran*, showing that there is an influence at such altitudes and under a low temperature towards checking the development of that disease. This remarkable circumstance, and the influence of altitude on consumptive patients, as exemplified at Davos, might be considered as apparently owing to the same cause,' although it would be unphilosophical to consider ci priori that because consumption is unknown amongst the inhabitants of certain high regions, therefore those who live nearer to the sea level, and who suffer from consumption, will necessarily cure or improve in such places. An argument of that kind, if correct, would apply equally to other diseases, and it might be said that because scurvy is unknown among the Esquimaux, which I believe to be the case, therefoie scurvy will be cured by living in high latitudes, and that is certainly not in accordance with experience.
The beneficial influence with reference to phthisis often met with unquestionably in places situated at certain altitudes must be accounted for especially by a consideration of the state of the respiratory functions at stations raised by from four to six thousand feet above the sea. I have given this subject much attention for some years, and carried on the inquiry at various altitudes and under different latitudes. The results of these experiments" throw much light 011 the subject under our present consideration. l\vo persons subjected themselves to this inquiry, myself and a Chamounix guide. The work was undertaken partly 011 the mountains in Switzerland and partly 011 the island and Peak of Teneriffe, in the summer of 1878. So far, the experiments made 011 the guide apply only to Teneriffe, and in the present communication I shall icier exclusively to the inquiry with which I was alone concerned.
At all events, it would not have done to compare the respiratory function of a man whose home is in the mountains, and who makes mountaineering a business, with that of people who reside away fiom the influence ot mountain air, and whose mode of living is entirely different.
In these experiments the air was expired into an indiarubber [SEPT.
bag of a known capacity, an ori-nasal face-piece being used, so constructed with valves as to allow of fresh air to be taken in at each inspiration. The time, together with the number of expirations required for filling the bag under a pressure of an inch of water was carefully observed, and the air collected in the bag was afterwards subjected to analysis for the determination of the carbonic acid it contained. The frequency of the respirations from a mean of thirty-three experiments at the lower, and six at the higher station, in the sitting posture, while breathing into the bag, showed no increase between the altitudes of 1230 feet (Lake of Geneva) and 8115 feet (St Bernard), but between 8115 feet and. 13,685 feet (summit of Breithorn) it increased in the following ratio:? the Brevent turned out the same, so that there can be very little doubt of the correctness of the result, that between 1230 feet and, say, 8000 feet in the Alps there is no appreciable increase in the rate of respiration while in the sitting posture. M. Mermod,1 after a careful series of observations made on himself, concludes that a change of residence from altitudes of 466 feet to 3609 feet above the sea is unaccompanied by any increase of the respiratory movement, which is quite in accordance with my observations. It appears, however, that when approximating an altitude of 8500 feet the respiration, while the body is in the sitting posture, becomes suddenly quickened; at all events, such was the case with me in the Alps.
This rate of my breathing continued increasing from 8428 feet to 10,899 feet, although proportionally in a lesser ratio, and a still further increased frequency of the respiration occurred between 10,899 and 13,685 feet, but again in a proportionally smaller ratio than in the case immediately preceding. My experiments at different altitudes on the Peak of Teneriffe gave, as to the rate of breathing, results somewhat different from those obtained on the Alps. The increase in the frequency of the respiration (the experiments beginning at the seaside) commenced at a lower altitude than in the Alps, or below 7090 feet, while the rate of breathing between 7090 feet and 11,745 feet was found nearly the same, with a slight falling off at the higher station. The difference occurring in these results must be due to circum-stances connected with the difference of latitude, and especially of temperature; but it is not my object to enter into that subject at present. The observations as to the rate of breathing in the Alps do not appear to show that most people wintering at Davos should be liable to a marked increase of frequency of their respiration. Ihese experiments, however, were only undertaken on myself, and 1 may he considered as more accustomed to the influence of light mountain air than most of the patients removing from near the sea level to the Davos station. It is, however, mainly from a greater expansion of the chest, and not from an increased frequency of respiration, that the increased volume of air required for respiratory purposes, due to the low barometrical pressure, is inhaled. rhe volume of air breathed per minute, reduced to 32 and seaside pressure, was found to be approximately the sumc: though not quite so, at altitudes varying from 1230 feet to 13,685 feet in the Alps. 1 here was a decided tendency to the respiration of a smaller weight of air (or smaller bulk reduced) in the higher than in the lower altitudes. At Teneriffe a pretty regular falling off was observed at altitudes varying from the seaside to 11,745 feet, the proportions being Seaside, ?these figures giving the reduced volume of air expired j the ical volumes were therefore not quite inversely proportional to the atmospheric pressures.
In the Alps the reduced volume of air expired per minute fell from 5*14 litres at 1230 feet to 4*42 litres at 8115 feet, but at greater altitudes it fluctuated irregularly between 4"42 and 4'86.
1* rom these results we may conclude that at Davos the^ amount of air breathed would be rather less than inversely proportional to the height of the barometer. With a barometer at 7G0 mm. at the seaside a volume of air of 6 litres expired per minute at the seaside, say at GO0 Fahr., would become increased to nearly 7*2 litres at Davos under an atmospheric pressure of 630 mm., which would be inhaled quite unconsciously. I s;iy nearly, because the actual volume would be a trifle less on account of the tendency to breathe a smaller weight of air in a given time as altitudes increase above the sea. If, therefore, there be little or no increased rate of respiration at Davos, and if nearly 7*2 litres of air are breathed at that place per minute instead of 6 litres at the seaside, the expansion ot the lungs must be greater by about 17 per cent.,or a tiifle less than onc-sixtli. This accounts perfectly for Dr C. 1. "W illiams s observation that the capacity of the chest is increased aftei wintering at Davos. Let us now consider the amount of carbonic acid expired at various altitudes. It will be found that, as a rule, in the sitting [SEPT. posture, in cold latitudes such as the Alps, more carbonic acid is formed and exhaled high up above the sea than at lower altitudes, although the excess cannot be said to increase proportionally with the altitude. Thus the mean weight of carbonic acid I expired while sitting quiet at the summit of the Breithorn (13,685 feet) and the St Theodule Pass (10,899 feet) was, taken collectively from nineteen experiments, 0'419 milligrammes ; at the Iiiffel hotel (8428 feet) and St Bernard (SI 15 feet), also taken collectively, the mean of twenty-seven experiments yielded 0-414 milligrammes carbonic acid,1 while near the Lake of Geneva the mean of thirtythree experiments fell to 0'383 milligrammes?these inquiries being made, as a rule, during the month of August. Monsieur Merrnod, whose experiments have already been referred to, arrived at a similar conclusion. He states, as one of his results, that "the absolute and relative amount of carbonic acid exhaled by the lungs increases by a change of residence to a higher place, and that this occurs without any alteration of the respiratory frequency, and with a falling off of the weight of air breathed." This gentleman, however, experimented on differences of altitude much smaller than in my case, his highest station being at 3G09 feet, and his lowest 466 feet above the sea. At Teneriffe, where the heat in summer is very great at every altitude up to the summit of the Peak, I failed to ascertain that any positive increase of carbonic acid was emitted, over the amount expired on that island at the seaside, even at the height of 11,745 feet?the foot of the terminal cone. The increased carbonic acid expired in the Alps, therefore, clearly depends upon the action of cold on the body; and this is due to the low temperature of the atmosphere, united to the loss of heat from increased cutaneous and pulmonary evaporation produced by the dryness of the air at such altitudes.
Applying these results to Davos, we must conclude that invalids wintering at that station expire a greater amount of carbonic acid than they would have done in the plains; and I would be inclined to believe that this excess is much greater than might be thought at first sight, on account of the intensity of the cold.
No doubt the hotels are carefully heated, and patients do not go out, as a rule, unless a bright sun is shining; but it is impossible to check entirely the influence of the external cold, and the lightness and dryness of the air by increasing both cutaneous and pulmonary perspiration, must add to the cooling influence which requires an increased combustion in the body to maintain its normal temperature.
I have therefore observed in the Alps two physiological phenomena connected with respiration?first of all, a slight but positive decrease in the weight of air breathed at high altitudes, and next an increased expiration of carbonic acid. This is clearly shown in the following tabic, giving for various altitudes the volume of aii expired, reduced to the freezing point and seaside pressure, corresponding with the expiration of one gramme of carbonic acid. The proportions of 1 gramme C02 to 1'461 litre air expired for his lowest station, and 1 to 1/311 for the highest.
Therefore, in the Alps at 1230 feet, my lowest station, one gramme of carbonic acid exhaled corresponded to 1*30 litres of air expired, and at and above 8115 feet?say 8000? one gramme of carbonic acid corresponded only to 1105 litres of air expired, amounting to 18*7 per cent, less air for the same weight of carbonic acid ; therefore about one-fifth more air passed through the lungs into the blood in a given time than at 1230 feet. At Teneriffe, at the seaside, for one gramme carbonic acid 1*24 litres of air weie expued, and above 7098 feet only 1143 litres of air, making a reduction of 7'8 per cent. The decrease is, therefore, greater in the mountains of the northern latitude than in those which are nearly tropical.
From these results it must be concluded that one gramme of carbonic acid expired in the sitting posture at Davos, or at any station under similar conditions, will require the inhalation of less air than VOL XXVI.?NO. III. 2 11 TIIE RIVIEIIA, MADEIRA, ETC. one gramme of carbonic acid would require in London, for example ; or, in other words, that the air breathed at Davos and allied stations will pass more readily or more rapidly into the blood through the lung tissue than it will in London or near the sea level. This is a result which appears to me to go far towards solving the question?Why does an immunity against phthisis exist at certain altitudes, and why can Davos and other high stations prove beneficial in cases of consumption ? The answer is, because the air passes witli greater facility, or more rapidly, through the substance of the pulmonary tissue (even when thickened by disease) into the blood, while the carbonic acid finds its way more readily through this same tissue from the blood into the external air. Thus the phenomena of oxidation are carried on in the body more rapidly and more completely at certain altitudes than nearer to the seaside, although I am not in a position to state whether this would continue during a prolonged sojourn ona high mountain. My inquiries show, moreover, that the present influence of altitude upon respiration is more distinctly marked in northern than in southern latitudes for equal altitudes.
On referring to Dr II. Weber's paper, quoted above, I find the following passage (p. 22G):?" The elevation necessary for producing a certain degree of immunity from phthisis varies considerably in different latitudes, and seems to become lower in proportion as we proceed from the equator towards the poles. Thus, in the tropical zone it may be regarded as above 8500 or 9500 feet, while in the temperate zone it is considerably lower." The fact so distinctly shown from my investigation, and which I consider to account in a great measure for the influence of elevation on phthisis, is perfectly in keeping with this statement, and acquires thereby an additional degree of importance.
An excess of ozone has been proposed as the cause of the present influence of altitude; but so little is known of this substance in a physiological point of view, that I should consider it very uncertain how far it contributes towards an increased combustion in the body.
